Aims To evaluate the psychometric properties of the male body dissatisfaction scale (MBDS) in Brazilian and Portuguese university students; to present a reduced model of the scale; to compare two methods of computing global scores for participants' body dissatisfaction; and to estimate the prevalence of participants' body dissatisfaction. Methods A total of 932 male students participated in this study. A confirmatory factor analysis (CFA) was used to assess the scale's psychometric properties. Multi-group analysis was used to test transnational invariance and invariance in independent samples. The body dissatisfaction score was calculated using two methods (mean and matrix of weights in the CFA), which were compared.
Introduction
The concept of body image has been investigated in the literature through perception and/or attitude. Bearing in mind that the construction of an individual's body image involves evaluating a range of factors, it is the task of the researcher to evaluate which aspects and instruments should be used, according to their objectives and target population, to properly capture these aspects [1, 2] . Body dissatisfaction evaluates the individual's affect towards their own body and is one of the principal components evaluated within the attitudinal dimension of body image. Researching and assessing body dissatisfaction are important [3, 4] , as it is strongly linked to the development of eating disorders [5, 6] , body dysmorphic disorders [7] , low self-esteem [5, 8, 9] , binge eating [10] , perfectionism [11] , interpersonal difficulties [11, 12] , social anxiety [4, 5] , internalization of media ideals [13] , drive for muscularity [4, 11, 13] , body checking [11, 14] , training frequency and muscle-building supplement consumption [13] , and emotional dysregulation and insecure-anxious attachment [11] . Furthermore, the stigma associated with body dissatisfaction has been reported in some studies [7, 15] .
For many years, body dissatisfaction research concentrated on the female population, principally in terms of weight, shape, and accumulation of body fat [6, 13] . These studies indicated that women, on average, are more concerned about their bodies and at higher risk of developing an eating disorder as compared to men. This view, however, has changed in recent decades with increasing research on the male population, a significant advance in the literature, showing that men also demonstrate significant concern about their bodies [13, 16] . Dakanalis et al. [4] reported a strong relationship among body dissatisfaction and eating disorder symptomatolog in Italian men. Others studies have also shown an association between body dissatisfaction and binge-eating [17] , laxative/diuretic misuse, fasting, and excessive exercise in men [18] .
Recent literature [4, 5, 11] supports the contention that body dissatisfaction is a risk factor for eating disorders in both genders. It is, however, important to note that the body concerns of men differ substantially from those of women [19, 20] . In women, concerns are directed mainly at slimness [5, 6, 21, 22] . Whereas, among men, increased lean muscle mass prevailed [23] . Thus, when researching aspects related to body image, as is the case with body dissatisfaction, it is important to use instruments that can capture the specific concerns of each sex [24] . Beyond the difference found based on sex, the literature [21, [25] [26] [27] indicates that men and women in the 18-to-35 age group were most concerned with their bodily appearance. Sepulveda et al. [28] and Silva et al. [25] also report that university students are a population that is vulnerable to body dissatisfaction due to the social and academic pressures imposed which may affect their perceptions of their own bodies.
There exist a range of instruments for evaluating body dissatisfaction in women. However, instruments designed to assess body dissatisfaction in men are scarce and consist mainly of adaptations of pre-existing scales used for women. In 2009, Ochner et al. [29] constructed an instrument for the male population with the aim of evaluating the main body concerns in this population. The instrument developed was composed of 25 items and known as the male body dissatisfaction scale (MBDS). The items of which the MBDS is made up included theoretical assumptions presented in the literature on body dissatisfaction in males as well as on experts' opinions on which areas of the body would be the most relevant for this population. The factors in the MBDS were obtained through exploratory factorial analysis which indicated three sets of items, namely, musculature, definition, and relative standing/external evaluation. This exploratory strategy of allocating items may have overlooked the role of theoretical formulation (content) of the items at the expense of distribution (statistics) of the responses given, considering the study sample (n = 95 American university student). Marô co [30] emphasizes that the exploratory strategy produces a factorial solution among many statistical equivalents without any indication of the quality of the retained factorial structure or content of the items. This fact can be verified in other studies [31, 32] exploring the items of the MBDS for Brazilian and French men, and finding different structures. Thus, both in the construction of the items of a scale and in the definition of the associated factors, it is necessary to first formulate the technical framework involving both the content of the items and their allocation in the factors, and only then to verify whether the data collected confirm this structure. It is also recommended that the external validity of this proposal be evaluated in independent samples in order for the formulated model to be deemed adequate [30] .
Regarding the psychometric properties of the MBDS, to date, no studies have been found that use confirmatory strategies confirming the three-factor structure recommended in the original study. The need to evaluate the psychometric properties, including estimates of validity, reliability, and invariance, is important in guaranteeing the adequacy of the instrument for the sample studied [30, 33] . The MBDS has previously been translated into Portuguese and French. Transnational studies using the same scale may provide some insight into how body dissatisfaction is perceived in different populations/cultures. Conducting transnational studies also allows for broader discussion of the variables studied and enables comparison of populations with different socio-cultural and economic characteristics [34] [35] [36] .
Given the above, the objectives of this study were as follows:
1. to evaluate the psychometric properties of the MBDS when applied to Brazilian and Portuguese university students; 2. to present a reduced model of the MBDS; 3. to compare and discuss estimation methods for calculating the global score of MBDS factors; 4. to estimate the prevalence of body dissatisfaction in Brazilian and Portuguese university students.
Method Participants
This is a cross-sectional study. The minimum sample size needed to evaluate the psychometric properties of the MBDS was calculated using the proposal by Kim [37] in which a = 5%, b = 20% and degree of freedom of the MBDS = 272, resulting in 95 subjects. Moreover, bearing in mind that losses are common in epidemiological studies, we added an attrition rate of 20% to the minimum sample size, which thus became 120 individuals. This estimate was maintained for each country (Brazil and Portugal), as well as in independent subsamples (test and validation). However, we were not confident that this sample size would be large enough to adequately capture population variability.
As one of the aims of study was to assess the psychometric properties of the MBDS for Brazilian and Portuguese students, a representative sample of the population much larger than the usually recommended for performing statistical tests was used. Study participants were recruited according to the following inclusion criteria: aged between 18 and 35 years, male, and enrolled in a Brazilian or Portuguese higher education institution. To collect the data, one university (Universidade Estadual Paulista-UNESP) in Brazil and five Portuguese institutions (Instituto Universitário de Ciências Psicológicas, Sociais e da Vida-ISPA, Instituto Superior de Ciências da Saúde Egas Moniz-ISCSEM, Escola Superior de Enfermagem de Lisboa-ESEL, Instituto Superior de Engenharia do Porto-ISEP, and Faculdade de Farmácia da Universidade de Coimbra-FFUC) agreed to participate and were included in the study. It is worth noting that the institutions were chosen in a nonprobabilistic way, considering researchers' access. All academic institutions approved the conduction of the study with lecturers' previous agreement for data collection in the classroom. The students were informed about the aim of the study and they were invited to complete the questionnaire, which took an average of 10 min. Data were selfreported by students via paper-and-pencil measures, and they received no remuneration for participating in the study.
A total of 1047 students agreed to participate, although 115 did not complete all items of the MBDS and were, therefore, not included in the sample. Thus, 932 male students (513 Brazilian and 419 Portuguese) formed the total study sample.
Sample characteristics
Data on age, area of study, working while studying, selfreported body type (thin, normal/average, overweight, or muscular), weight status, and socio-economic class were all collected to characterize the sample. Weight status was classified according to WHO recommendation [38, 39] using students' body mass index (BMI) calculated based on self-reported weight and height. Participants' socio-economic group was classified based on mean monthly income of the main breadwinner in number of minimum wages (monthly household income in minimum wages A C5, 3 B B \ 5, 1 B C \ 3, D \1). In Brazil, the Brazilian Economic Classification Criterion [40] was used to estimate monthly household income, whereas in Portugal, monthly household income was reported by the student.
Study variables and instrument
Body dissatisfaction was estimated using the Portuguese version of the MBDS published by Carvalho et al. [41] . Ochner et al. [29] constructed the MBDS in English to evaluate body dissatisfaction in the male population. The instrument's 25 items were developed to assess the main concerns of the male population with regard to body dissatisfaction related to the literature and according to experts. These items were divided into three factors musculature (items 4, 6, 7, 9, 12, 13, 16, and 24), definition (items 1, 3, 10, 15, 17, 18, 20, 22, and 25), and relative standing/external evaluation (items 2, 5, 8, 11, 14, 19, 21, and 23) . Aiming to control false responses, the authors formulated 13 MBDS items in the negative and proposed evaluation of body dissatisfaction considering a weighting between the importance attributed to the item ranging from 1 to 10 points and the response to the same item on a 5-point Likert-style scale. This weighting is obtained by dividing the value attributed to importance by 10, which is then multiplied by the participant's response on the Likert-style scale for that same item. Thus, the quantitative score produced for each item varied between 0.1 and 5.0 points.
Procedures and ethical aspects
In class, the participants completed the questionnaire characterizing the sample and the Portuguese version of the MBDS. It should be noted that students participated voluntarily and only those who signed an informed consent form were included in the sample.
This study was approved in Brazil and Portugal by the Ethics Committees for Research Involving Human Beings (UNESP-CAAE 29896214.0.0000.5426, ESEL#1413).
Psychometric properties
The psychometric properties of the original MBDS model including factorial, convergent, and discriminant validity and reliability were evaluated for the total sample, as well as for the subsamples (Brazil, Portugal, test, and validation). The test and validation subsamples were selected based on the total sample for each country which was randomly divided into two parts following Kapan and Saccuzzo's [42] recommendation. The randomization of the total sample into subsamples is a common strategy in the literature [9, 43, 44] and strengthens the results of the study as well as to allow the assessment of factorial invariance in independent samples (test and validation).
Psychometric sensitivity
To verify distribution of participants' responses to the MBDS items, the mean, standard deviation, skewness, and kurtosis were calculated. Psychometric sensitivity was evaluated by measuring skewness and kurtosis and deemed adequate when distribution of frequencies of responses approximated a normal curve. Absolute values for skewness and kurtosis lower than 3 and 7, respectively, were used as parameters of adequacy [30] .
Factorial validity
To verify MBDS fit in the different samples, we used confirmatory factor analysis (CFA) with the estimation of maximum likelihood (ML). The Chi square per degree of freedom ratio (v 2 /df), root mean square error of approximation (RMSEA), comparative fit index (CFI), and TuckerLewis index (TLI) were used to evaluate the model's goodness of fit to the data. The model was deemed acceptable when v 2 /df B5.00, RMSEA B0.10, CFI, and TLI C0.90 [30, 45] . The factorial weights (k) of each item were also analyzed and those which were k \0.40 excluded. When the MBDS fit was not adequate, the content of each item was analyzed by the authors of this study to verify its fit to the proposed factor and modification indices above 11, estimated using Lagrange multipliers (LM) were also examined, seeking a better fit for the model. Moreover, when correlation of MBDS factors was C0.90, the variance inflammation factor (VIF) was calculated to verify multicollinearity, which was deemed important if VIF [5 [30] . Psychometric analyses were conducted using the MPLUS software (version 7.2 Muthén & Muthén, Los Angeles).
Convergent and discriminant validity
To evaluate the convergent validity of the MBDS items for each proponent factor, the average variance extracted (AVE) was calculated [46] . The set of items was considered to have adequate convergent validity when AVE C0.50 [30] . To evaluate the discriminant validity of the MBDS, squared correlations (r 2 ) between factors was calculated. When the AVE values for each pair of correlated factors were Cr 2 , the scale showed adequate discriminant validity [46] .
Reliability
The reliability of the MBDS was evaluated in terms of its internal consistency (a Cronbach's alpha coefficient) and composite reliability (CR). Composite reliability was calculated following the recommendations of Fornell and Larcker [46] . Values for a and CR above 0.70 were deemed to show adequate reliability [30] .
Transnational invariance and invariance in independent samples
The invariance of the adjusted MBDS model was evaluated with multi-group analysis using the Chi-square difference statistical test (Dv 2 ). After confirming the configurational invariance (same structure) for both countries in the CFA, transcultural invariance and invariance in independent samples were tested. To evaluate invariance, we used factorial weights (k), intercepts (i), and residues' variance/covariance (cov). When pDv 05, a strict invariance (metric, scalar, and strict) was found. It is important to note that invariance in independent samples was conducted with the aim of evaluating external validity of the factorial solution obtained.
Computing global score for body dissatisfaction
After evaluating the psychometric properties of the MBDS and defining the best model, each participant's level of body dissatisfaction was estimated. In the initial validation study, Ochner et al. [29] proposed that the higher the individual's score, obtained from summing the weight of each item, the higher the body dissatisfaction. However, altering the configuration of the scale by eliminating an item, for example, would invalidate this scoring approach. Therefore, this may not be the ideal method for obtaining the global score, as the instrument's configuration may undergo changes depending on the context/population in which it is applied. The mean is commonly used in the literature for computing the global score and can be preferable over summing. However, we must highlight that calculation based on the mean assumes that all items making up the factor have the same weight, which is unrealistic. Thus, Marôco [30] recommends computing the global score using an algorithm calculated based on the matrix of weights for obtaining the factorial scores, obtained in the CFA, which considers the relations/contributions of each factor for the response observed in the item. Thus, in this study, the global score was computed using the arithmetic mean (method 1) and the algorithm (method 2). The estimates obtained based on the two methods were compared using the paired t test with level of significance of 5%. Next, a proposal was made for classifying the levels of individual's body dissatisfaction using the percentiles of the response scale (BP25 0.1-1.3 very low, P25-P50 1.3-2.6 low, P50-P75 2.6-3.8 moderate, [P75 3.8-5.0 high). The classification was carried out for each factor and for each country, with a 95% confidence interval (CI 95%).
Results
The students' mean age was 21. Table 1 shows the characterization of the sample studied separated according to country (some students did not report some information to characterize the sample, and therefore, the descriptive analysis in Table 1 did not include all students). It can be seen that the majority of the students do not work while studying, selected the normal/average body type, were classified as in a condition of normal weight and in socio-economic class B. Table 2 presents the distribution of students' responses to each item of the MBDS for the total sample, Brazil and Portugal. As can be seen, only item 22 presented a discrepant value for kurtosis in the Portuguese sample. Table 3 shows the indicators used for evaluating the MBDS psychometric properties for the samples in the study. It can be seen that the original MBDS model does not show adequate adjustments for any of the samples. Moreover, there is a lack of convergent and discriminant validity and poor reliability for some factors. Thus, the basic scale was refined based on adapting the modification indices and the content of each item considering, where the factor itself was placed according to the original proposal. In total, 13 items were excluded, twelve of which (3, 7, 10, 11, 13, 14, 17, 18, 20, 22, 24 and 25) were due to being strongly correlated with other items within the same factor. Moreover, the exclusion of items 5, 17, 20, and 25 was also supported by the low factorial weight shown. After exclusion of the above-mentioned items, factor definition was composed of only two items (1 and 15) and their strong correlation with the external evaluation factor (r = 0.93; p \ 0.001) indicated multicollinearity (VIF = 7.14). It was, therefore, decided to combine these factors into one single factor which was renamed ''general body appearance''. In this way, a reduced version of the MBDS was created (cf. ''Appendix''), with 12 items distributed between two factors (items musculature 4, 6, 9, 12, and 16; general body appearance 1, 2, 8, 15, 19, 21, and 23) which shows adequate validity and reliability for all of the samples in the study. Table 3 also shows the results for the transnational (Brazil vs. Portugal) and independent sample (test vs. validation) invariance tests for the reduced version of the MBDS. Metric (weak) invariance can be seen between Brazil and Portugal and metric, scalar, and strict (strong) invariance in the independent samples. Equations 1 and 2 show the algorithm obtained based on the matrix of weightings for estimating factorial scores in the CFA using the reduced model of the MBDS:
Dissatisfaction with general body appearance
These equations were used to compute the global score for body dissatisfaction (method 2). In comparing the two methods (mean and algorithm) for estimating global scores, a significant difference between the methods was found that for both musculature (mean = 1.69 ± 1.02, algorithm = 1.45 ± 0.90, t = 44.68, p \ 0.001) and for general body appearance (mean = 1.60 ± 0.70, algorithm = 1.48 ± 0.66, t = 39.10, p \ 0.001) with the mean appearing to overestimate score for body dissatisfaction. Thus, method 2 was chosen to calculate the prevalence of body dissatisfaction among the students. Table 4 shows the prevalence of body dissatisfaction with musculature and general body appearance for the Brazilian and Portuguese university students. It was found that 11.2% of the students had a moderate-to-high level of dissatisfaction with musculature and 5.3% with general body appearance.
Discussion
This study enabled, for the first time in the literature, the originally proposed three-factor model of the MBDS to be evaluated through a confirmatory strategy. Our results indicate that the validity of the original model was not adequate for the samples studied, suggesting the need to restructure the scale. Thus, the reduced bi-factorial model was proposed and tested, indicating appropriate validity, reliability, and transnational invariance and invariance of independent samples. Moreover, we propose a superior method for obtaining global body dissatisfaction scores and for classifying the prevalence of dissatisfaction with musculature and with general body appearance when using the MBDS.
The psychometric properties of the original MBDS model were not adequate for the samples studied, indicating the need to restructure the scale, especially in terms of grouping items into factors. One possible explanation for the lack of fit of the original model may be the fact that it was defined through an exploratory strategy. Carvalho et al. [32] and Rousseau et al. [31] also explored the items of the MBDS and found different structures. The exploratory strategy meant that different sets of items were grouped together, possibly related to the characteristics of the study sample. These new groupings, for the most part, did not fit other populations as they were defined exclusively using statistical strategy without considering the theory and/or content of the items. Thus, the restructuring of MBDS based on both items' content and validity of scale is important, because it allows to show the literature an instrument with better psychometric indices and that can be used in other studies to assess more accurately (that is, considering the theory underlying of the evaluated concept) the body dissatisfaction of the male population.
The adjustments made to produce the reduced model of the MBDS were proposed in this study in as attempt to identify a more parsimonious structure with adequate validity and reliability that could be used with other populations. These modifications are described below and each factor is discussed. For the Musculature factor, the items are thought to be related to evaluating dissatisfaction with muscles, although the content of items 7 and 24, components of this factor, refers to thoughts of general body dissatisfaction, not clearly evaluating musculature. In addition, within this factor, items 4 and 13 contain similar content and both approach dissatisfaction with arm muscles, although 13 is directed specifically at biceps, restricting the estimate. Thus, the exclusion of items 7, 13, and 24 was initially based on their own representativeness for the factor. We should also report the strong correlations found (indicated by the modification indices) between items 7, 13, and 24 and other factors. In the Definition factor, items 3 (appropriate weight for height), 18 (appearing to have a health body), 20 (body shape as a positive point), and 25 (wishing to have a better body) did not appear to be specifically evaluating individuals' dissatisfaction with definition. Although items 10 (toning up muscles) and 22 (more defined muscles) include definition, they highlight muscles, giving them a strong correlation with the musculature factor. Moreover, items 17 and 25 have factorial weights below 0.30, reinforcing their lack of contribution to evaluating body dissatisfaction. In the relative standing/external evaluation factor, items 11 (comparing quantity of muscles with others of the same age) and 14 (well-developed pectoral muscles) are thought to be related to evaluating musculature, which is supported by the high modification indices found between these items and the musculature factor. Likewise, item 5 shows a factorial weight below 0.30, indicating the fact that removing the shirt in public does not appear to contribute to evaluating body dissatisfaction in men. It is also worth discussing that the combination of the ''definition'' and ''relative standing/external evaluation'' factors was initially based on the strong correlation (r = 0.93) between them.
We believe that making the definition factor with only two items would limit the estimate of content. Thus, evaluating the content of the remaining items based on this combination, we chose to name the proposed new category ''general body appearance''. Rousseau et al. [31] conducted exploratory analysis of the MBDS and verified that the more general items were grouped together into one factor, as with our proposal, and the authors deemed this set of items to evaluate general body appearance. All of the alterations made in constructing the reduced model of the MBDS, therefore, were justified when considering the theory/content of the items and the psychometric estimates obtained using a sample of Brazilian and Portuguese university students and independent samples (within each country).
As for the invariance tests, our study indicated that the MBDS showed weak transnational invariance between Brazil and Portugal. Silva et al. [44] conducted a study to verify the validity, reliability, and transnational invariance of the reduced model of the body shape questionnaire (BSQ-8B), which, like the MBDS, evaluates part of body image, in Brazilian and Portuguese female university students and identified a weak transnational invariance. Weak invariance indicates the adequacy of the model for the two samples, but we should also note the absence of the intercept invariance (Dv 2 i p \ 0.05), indicating that the mean of the factors differs between Brazil and Portugal, revealing adequate validity of the proposed reduced model's discriminant criterion. As for the invariance test in the independent sample, our study indicates adequate external validity of the MBDS reduced model.
As for computing the global body dissatisfaction score, the two methods tested presented statistically different estimates and using the mean appears to overestimate individuals' body dissatisfaction. Campos et al. [47] compared global scores obtained by the mean and the algorithm using other psychometric instruments and also identified that the mean overestimates the scores for the concept evaluated. Thus, although the literature presents mean scores for body dissatisfaction using the sum or the mean, we recommend using the algorithm. This estimate is more accurate compared to the others as it weights the responses to each item considering the operationalization of the instrument for the sample to which the individuals belong, and will allow for more precise identification of those at risk of developing eating or body dysmorphic disorders. This method of computing the global score may appear difficult in the routine of professionals/researchers in this area. However, technology advances and new software that assist in this calculation are some strategies of interest, as weighted scores could be calculated automatically by entering the individual's responses. It is also worth noting that the weights presented in this study could be used for Brazilian and Portuguese samples with similar characteristics.
In addition to defining and demonstrating adequate psychometric properties of the MBDS reduced model, and using the algorithm for computing the global score, we would like to present a proposal for classifying the level of individuals' body dissatisfaction (for each factor) based on the percentiles of the response scale. The prevalence of individuals in our sample with moderate-to-high dissatisfaction with musculature and general body appearance was low compared to those presented in the literature [13, 32, 48, 49] . However, we must bear in mind that body dissatisfaction in this study was separated into levels. We suggest that this method may be more appropriate for identifying which individuals may be at greater risk for an eating disorder, and thus promote guidance and treatment strategies.
In this way, this study contributes to the scientific community in terms of using confirmatory strategy to identify that the original MBDS model did not adequately fit different samples and presenting an alternative, reduced, two-factor model with adequate validity and reliability for screening for male individuals' body dissatisfaction.
Moreover, using the algorithm to compute global body dissatisfaction scores should be encouraged, as the estimate appears more accurate. The use of classification bands could also be a useful strategy for determining, where interventions should be focused. We also encourage further studies using the reduced model MBDS with different samples to compare with our results and verify its psychometric properties in other populations in other countries/cultures or with specific groups such as, for example, weight lifters, athletes, and dancers.
There were some limitations to this study. The choice of institutions for collecting data was non-probabilistic and this may make it more difficult to generalize the results. The cross-sectional design may also be a limitation, as causality cannot be inferred. It is important to highlight that we did not investigate the discriminant criterion validity of the reduced model MBDS or the potential effects of some important concepts in this version as, for example, sexual orientation, self-esteem, eating disorder symptoms, muscle-building supplement consumption, and eating behavior. Thus, we suggest that future studies seek to assess the relationship among these concepts and body dissatisfaction evaluated by the MBDS reduced model.
